Objective: To identify factors associated with a high and low risk of developing multiple sclerosis after an initial episode of optic neuritis.
O
PTIC NEURITIS, an acute inflammatory disorder of the optic nerve, is a common initial manifestation of multiple sclerosis. 1 It typically manifests as sudden monocular visual loss accompanied by eye pain in young adults, with women more commonly affected than men. Even when optic neuritis occurs without other clinical signs of multiple sclerosis, magnetic resonance imaging (MRI) of the brain often demonstrates white matter T2-signal abnormalities (referred to subsequently as "lesions"). 2 In a patient with optic neuritis, the presence of brain T2-signal lesions seen on MRI increases the probability that additional neurological manifestations sufficient for a diagnosis of multiple sclerosis will develop. 3 We have previously reported the 5-year risk of developing multiple sclerosis after an initial episode of optic neuritis, based on 388 patients enrolled in the Optic Neuritis Treatment Trial. 4 Herein we report the 10-year risk of developing multiple sclerosis, including high-and low-risk profiles, based on further follow-up of the Optic Neuritis Treatment Trial cohort.
METHODS
The study protocol 5 was approved by the institutional review board at each of 15 clinical centers. Patients provided written informed consent for participation in the original treatment trial (ie, the Optic Neuritis Treatment Trial). Patients provided written informed consent for continuation in the follow-up study after the first 2 years and again after the first 5 years. The study protocol has been detailed in prior publications and is summarized below. [4] [5] [6] [7] [8] Between July 1, 1988 ritis who did not already have clinically definite multiple sclerosis 9 at study enrollment. The major eligibility criteria were as follows: (1) a diagnosis of acute unilateral optic neuritis with visual symptoms of 8 days or less, (2) aged between 18 and 46 years, (3) no evidence of a systemic disease other than multiple sclerosis that might be associated with optic neuritis, and (4) no previous treatment for multiple sclerosis. Patients were randomized to receive a single course of either intravenous methylprednisolone sodium succinate followed by oral prednisone, oral prednisone alone, or oral placebo. For 351 of the 388 patients, unenhanced MRIs of the brain, performed at study enrollment, were graded at a central reading center by a standardized protocol that included a count of the number of T2 white matter lesions at least 3 mm in diameter. 2 Standardized neurological examinations were performed at study enrollment, after 6 and 12 months, and then annually through 1997. Thereafter, semiannual telephone contact was made with the patients until the period of 2001-2002, when willing patients underwent another standardized neurological examination. For living patients who were unwilling to undergo a neurological examination, an attempt was made to obtain information from a telephone interview and from medical records.
DIAGNOSTIC CRITERIA FOR MULTIPLE SCLEROSIS
Patients were defined as having multiple sclerosis if a clinical examination documented a new neurological deficit consistent with a patient report of neurological symptoms of at least 24 hours' duration and separated by at least 4 weeks from the initial optic neuritis event. 9 The deficit had to be attributable to demyelination in the central nervous system but not in the optic nerves.
STATISTICAL ANALYSIS
Cumulative probabilities (referred to subsequently as "risk") of developing multiple sclerosis were calculated with use of the Kaplan-Meier method and, where indicated, compared with the log rank test. Data for patients not developing multiple sclerosis were censored on the later of either the date of the most recent neurological examination or the date of the last telephone assessment at which the patient reported no history consistent with the diagnosis of multiple sclerosis.
Unadjusted and adjusted hazard ratios for the development of multiple sclerosis were determined from a Cox proportional hazards regression model. 10 Predictive factors for multiple sclerosis were assessed separately for patients with and without brain lesions seen on MRI. These factors were identified prior to the study and are the same factors that were evaluated after 5 years of follow-up. 4 The baseline characteristics of the "noncompleters" (patients without multiple sclerosis who had l-10 years of follow-up data) and "completers" (patients with multiple sclerosis or at least Ն10 years of follow-up data) were compared using the Fisher exact test for categorical variables and a Wilcoxon rank sum test for continuous variables. All reportedP values are 2-tailed.
RESULTS

STATUS OF THE COHORT
The mean age of the 388 patients at the time of study enrollment was 31.7 years; 77% were female. The cohort was 85% white, 13% African American, 2% Hispanic, and 0.5% Asian.
Data were considered complete (diagnosis of multiple sclerosis or follow-up of at least 10 years) for 336 (87%) of the 388 patients. Among the 243 patients who did not develop multiple sclerosis, the median follow-up time was 11.5 years (interquartile range, 10.4-12.2 years), with at least 10 years of follow-up data available for 191 (79%) of the patients (162 patients by neurological examination and 29 patients by telephone assessment). Three patients died prior to 10 years after study enrollment from causes unrelated to multiple sclerosis.
The age and sex of the 336 completers and the 52 noncompleters were similar (mean age, 31.9 vs 30.3 years, P = .13; female sex, 79% vs 67%, P = .08), but the completers were more likely to be white (87% vs 73%, P=.02). One or more baseline brain lesions seen on MRI were present in 144 (48%) of the 302 completers with baseline brain MRI and in 16 (33%) of the 49 noncompleters with baseline MRI (P = .06).
DEVELOPMENT OF MULTIPLE SCLEROSIS
The 10-year risk of multiple sclerosis was 38% (95% confidence interval [CI], 33%-43%) and the 12-year risk was 40% (95% CI, 35%-45%). Among the 145 patients who developed multiple sclerosis, the median time to diagnosis was 3.0 years. In 34% of patients, the diagnosis was made within the first 2 years after study enrollment, and in 72%, it was made within 5 years. The 10-year risk of multiple sclerosis was similar in the 3 original Optic Neuritis Treatment Trial groups (P = .49).
The development of multiple sclerosis was strongly associated with the presence of 1 or more lesions on the baseline MRI of the brain (PϽ.001; Table 1 and the Figure) . The 10-year risk of multiple sclerosis was 56% in the 160 patients with 1 or more brain lesions seen on MRI and 22% in the 191 patients with no lesions. However, among those with brain lesions seen on MRI, the risk with multiple lesions was not significantly higher than it was with a single lesion (58% vs 51%; P = .22, log rank test). Among patients who had not developed multiple sclerosis at 5 years after study enrollment, the probability of being diagnosed as having multiple sclerosis between 5 and 10 years was 7% in the 142 patients with no brain lesions seen on MRI and 27% in the 89 patients with 1 or more lesions.
In the presence of 1 or more brain lesions seen on MRI, a history of nonspecific neurological symptoms (usu- ally transient numbness) or prior optic neuritis in the fellow eye further increased the 10-year risk of multiple sclerosis (70% vs 50%, P = .005). However, among these 160 patients with 1 or more brain lesions seen on MRI, no demographic or clinical features of the optic neuritis were predictive of developing multiple sclerosis ( Table 2) . In contrast, among the 191 patients without brain lesions seen on MRI, certain features did alter the risk of multiple sclerosis. The risk of multiple sclerosis was lower in male patients than in female patients (hazard ratio, 0.35; 95% CI, 0.12-0.98) and was lower when the optic disc was swollen (anterior optic neuritis, papillitis) than when it was not swollen (retrobulbar neuritis; hazard ratio, 0.41; 95% CI, 0.20-0.84) ( Table 2) . Among female patients, the risk of multiple sclerosis was halved when optic disc swelling was present. Among male patients, only 1 of 24 patients with optic disc swelling developed multiple sclerosis ( Table 3) . One hundred seventy-nine of the 191 patients with no brain lesions seen on MRI had no history of neurological symptoms or optic neuritis in the fellow eye and would be considered to have monofocal optic neuritis; their 10-year risk of multiple sclerosis was 20%.
In patients of both genders without brain lesions seen on MRI, multiple sclerosis did not develop in any patients whose visual loss was painless (18 patients) or total (no light perception, 6 patients), or in those who had ophthalmoscopic findings of severe disc swelling (22 patients), hemorrhage of the optic disc or surrounding retina (16 patients), or retinal exudates (8 patients). When the criteria for multiple sclerosis were expanded to include the occurrence of optic neuritis in the fellow eye, the 10-year risk of multiple sclerosis was 45%: 31% in patients with no baseline brain lesions seen on MRI and 60% in patients with 1 or more lesions.
COMMENT
Within our cohort of 388 patients followed up from the onset of an acute episode of optic neuritis, the 10-year risk of development of multiple sclerosis, based strictly on conventional clinical criteria, was 38%, compared with a 5-year risk of 30%. 4 Thus, although our patients continued to develop multiple sclerosis with each passing year, most did so within the first 5 years after the initial episode of acute optic neuritis. Our results have applicability not only to optic neuritis but also to patients seen with an initial demyelinating event of the brainstem or spinal cord because the 3 presentations share a common pathogenesis and have been reported to have similar risks for multiple sclerosis.
11
Our finding of a 38% 10-year risk of multiple sclerosis after acute optic neuritis is similar to that of several prior reports [12] [13] [14] and lower than that of other reports, [15] [16] [17] all of which had smaller sample sizes. Differences in risk estimates across studies can also be attributed to differences in patient inclusion criteria, retention rates, and diagnostic criteria for multiple sclerosis.
The most potent predictor of multiple sclerosis in our study was the presence of white matter lesions on the baseline MRI scan of the brain. The presence of 1 such lesion at least 3 mm in diameter more than doubled the 10-year risk of multiple sclerosis (from 22% to 56%). However, the presence of 1 or more lesions did not signify that the patient was destined to develop multiple sclerosis. Among patients with brain lesions seen on MRI, the 10-year probability of remaining free of multiple sclerosis was 44%. Conversely, the absence of brain lesions seen on MRI did not eliminate the risk of developing multiple sclerosis; in the absence of any lesions, the 10-year probability of multiple sclerosis was 22%.
Among patients with 1 or more brain lesions seen on MRI, no demographic characteristics or clinical features of acute optic neuritis were useful in further defining the risk. But among patients without brain MRI lesions, the risk was 3 times lower in male patients than in female patients, consistent with the well-documented lower prevalence of multiple sclerosis in male patients than in female patients and consistent with findings from studies conducted prior to the availability of MRI of the brain. 12, 14 The risk was also lower when the optic neuritis was associated with a swollen rather than a normal optic disc. Among female patients with no brain MRI lesions, those with optic disc edema had a risk of multiple sclerosis that was half as great as those without optic disc edema. The risk of multiple sclerosis when no baseline brain lesions were present on MRI was 0 among the small group of patients who had any one of the fol- The cumulative probability of multiple sclerosis was statistically significantly higher in patients with 1 or more lesions seen on the baseline magnetic resonance imaging (MRI) scan of the brain than in patients with no brain lesions (PϽ.001, log rank test) but was not significantly different comparing patients with a single brain lesion and patients with multiple lesions (P= .22, log rank test). The numbers of patients at risk are the numbers who had not developed multiple sclerosis at the beginning of each year. The "multiple sclerosis rows" indicate the number of patients classified as having multiple sclerosis during each yearly interval. The "censored" rows indicate the number of patients not developing multiple sclerosis whose last available follow-up data occurred during each yearly interval. Asterisk indicates 37 patients who had no baseline MRIs.
lowing findings: no light perception vision in the affected eye, optic fundus findings including severe optic disc edema, peripapillary hemorrhages, retinal exudates, or the absence of periocular pain. Thus, when there are no brain MRI lesions, the presence of any of these clinical features seems to predict a very low risk of multiple sclerosis. In patients who bear these atypical features, the optic neuritis may not be part of a multifocal demyelinating central nervous system illness. The difference in the risk profile between patients with and without brain MRI lesions is not surprising. Patients with MRI lesions already have imaging evidence of disseminated disease, the pathogenesis of which is almost certainly related to multiple sclerosis. Therefore, there is no reason to expect to be able to identify true risk factors for future development of multiple sclerosis. However, the group of patients with optic neuritis and a normal brain MRI likely includes a subgroup destined to have multiple sclerosis and another subgroup not destined to have multiple sclerosis.
Regarding the predictive role of MRI lesions, the only comparable study 11, 15 enrolled 131 patients with an acute demyelinating event in which optic neuritis constituted half of the cohort. Ten-year follow-up was achieved in 81 patients (62%) and 12-to 16-year follow-up in 72 patients (55%). After 10 years, multiple sclerosis was present in 83% of those with enrollment MRI lesions and in 11% of those without enrollment Abbreviation: NA, not applicable. *Values are Kaplan-Meier estimates of cumulative probability. †Hazard ratios, 95% confidence intervals, and P values are from unadjusted proportional hazards models; in adjusted models, the hazard ratio for gender was not affected when adjusted by optic disc appearance, and the hazard ratio for optic disc appearance was not affected when adjusted by gender.
‡Patients of other races are excluded. §The presence of pain was ascertained at baseline by querying the patients as to whether pain was present, and if present, as to its severity, constancy, and relation to eye movement. MRI lesions. Differences between these results and ours may be related to that study's smaller sample size and lower follow-up rate. That study found, as we did, that once there is at least 1 MRI lesion, an increasing number of lesions does not appreciably amplify the long-term risk of multiple sclerosis. The eligibility criteria of our study were sufficiently broad that our results should be applicable to most patients seen with optic neuritis as an initial demyelinating event. Having incomplete data for 13% of the original cohort is unlikely to be a source of appreciable bias. However, because the patients with incomplete follow-up had a lower prevalence of MRI scans of the brain with 1 or more lesions than did the patients with complete follow-up, our computed 10-year risk of multiple sclerosis could be a slight overestimate.
Our results are important to the clinician in several respects. First, they reaffirm the prognostic value of an MRI scan of the brain performed at the time of an initial episode of acute optic neuritis. The presence of a single at least 3-mm-diameter brain MRI white matter lesion markedly increases the risk of developing multiple sclerosis; higher numbers of lesions do not appreciably increase that risk. Second, they establish that even when MRI lesions are present, clinically defined multiple sclerosis does not develop within 10 years in more than 40% Listed below are the investigators and clinical center staff active in the current phase of the study (I indicates investigator; C, coordinator; and T, technician). of patients. Third, the results highlight the importance of an ophthalmologic examination for patients whose MRI of the brain is normal because ophthalmoscopy can identify features (severe optic disc swelling, hemorrhages, and exudates) associated with a very low risk of developing multiple sclerosis. This natural history information is a critical input for estimating a patient's 10-year multiple sclerosis risk and for weighing the benefit of initiating prophylactic treatment at the time of acute optic neuritis or other initial demyelinating events in the central nervous system. 
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